Objective-The aim was to study the association between personal factors and physical and psychosocial work environment factors and disorders of the neck or upper limbs among women in the fish processing industry. Methods-A cross sectional study was performed on 206 women in the fish processing industry and 208 control women. Several physical and psychosocial work environment factors were evaluated. Subjective complaints about the neck or upper limbs were assessed by questionnaire and by a clinical examination. Results-The study showed a high prevalence (35%) of diagnoses in the neck or shoulders of the exposed women. All prevalence odds ratios (POR's) were substantially higher in young women. There was a pronounced dose-response relation between disorders of the neck or shoulders and duration of employment for women < 45 years old. When studying 322 former workers, the proportion who claimed musculoskeletal complaints as the reason for leaving was highest among the older women. Muscular tension, stress or worry, work strain, and the largest fraction of the work time spent with highly repetitive work tasks were clearly associated with disorders of the neck or shoulders. The measurements of the wrist movements also showed that the work was performed almost without any pauses and that the median flexion and extension velocity was high (410/s). The results of observation showed good agreement with the measurements of wrist motion. Conclusion-Work in the fish processing industry is a risk factor for disorders of the neck and upper limbs. Due to the homogenity of the physical work load in the exposed group, we could not show any associations between the objective measurements and disorders. In cross sectional studies the risk may be underestimated due to a healthy worker effect. To effectively prevent these problems, there is a need for precise and quantitative knowledge about the relation between exposure and effect. In most epidemiological studies of disorders of the neck and upper limbs, information about exposure is too limited or imprecise.7 Moreover, the exposure often involves several dimensions, and therefore it is necessary to use several measurements of exposure in a particular occupational setting.8' One aim of our study was to apply different measurements of exposure and study their relations with the effect.
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Some important health problems are disorders affecting the musculoskeletal system. Much interest has been focused upon low back pain and its economic and social consequencess' Disorders of the neck and upper limbs also cause considerable problems. In particular, women in industrial work are at high risk of developing such disorders.2 4 Several studies show that awkward postures, work at shoulder level, and repetitive hand and wrist movements contribute to the development of disorders of the neck and upper limbs.
To effectively prevent these problems, there is a need for precise and quantitative knowledge about the relation between exposure and effect. In most epidemiological studies of disorders of the neck and upper limbs, information about exposure is too limited or imprecise.7 Moreover, the exposure often involves several dimensions, and therefore it is necessary to use several measurements of exposure in a particular occupational setting.8' One aim of our study was to apply different measurements of exposure and study their relations with the effect.
To obtain trustworthy risk estimates, it is of great importance to use reliable methods for registration of disease. Most often, neck and upper limb disorders are assessed, for epidemiologic purposes, through a questionnaire.35 Although valuable in many cases, this method gives imprecise information about the character of the complaint. The questionnaire approach may also imply an underestimation of the true size of the problem."' Thus, in our study thorough and standardized physical examinations were performed for measuring the effect.
The psychosocial conditions in the work environment have lately been considered as an important risk factor for developing musculoskeletal disorders, both in the lower back" 12 and the neck and shoulders.' 15 Because of correlation between bad physical and psychosocial work environments, the impact of the psychosocial work environment is not fully appreciated. '6 In our study, both were recorded and evaluated.
Some studies have shown that a poor social environment is of importance in the development of cardiovascular diseases. '7 18 It may be possible that this fact is also relevant to disorders of the neck and shoulders. In an occupationally risky setting, there is a striking difference between people in the development of musculoskeletal disorders; some people stay healthy, even when exposed to a very strenuous work situation. One explanation might be, that some personal factors play an important part in the susceptibility. Some studies indicate that a type A behaviour pattern, which is, among other things, characterized by competitiveness, impatience, and a feeling of urgency, is an important determinant for low back pain,'219 as well as for disorders in the neck and shoulder region.'" Also, a tendency to develop muscular tension has been associated with disorders of the neck and shoulders. 4 There is a need to confirm these potentially important observations in other work environments.
Thus the aim of our study was to investigate the relation between estimates of personal factors and physical and psychosocial factors in the work environment and disorders in the neck and upper limbs.
Subjects and methods

CURRENTLY AND FORMERLY EXPOSED GROUPS
All 13 fish processing factories on the south east coast of Sweden were included in the study. The number of female employees was 247. The factories were situated in four different towns.
The currently exposed group consisted of 172 women. Their mean (range) age was 39 (17-64) years at the time of the study, and their mean duration of employment was 6-3 (0-2-17) years. To this group were added 34 women on long term (one month or more) sick leave (age 44 (18-64) years; duration of employment 9 5 (1 7-25) years). The duration of sick leave was 15 (1-5 1) months. All but three were on sick leave because of musculoskeletal disorders.
At the time of the study, 24 women were on maternity leave or study leave and 17 women (8%) refused to participate in the study, so they were not included.
A group of former workers that consisted of 322 women, who had left their employment in the fish processing industry in the past 10 years before the study (age 36 (17-73) 
Wrist movements
Wrist angles of the dominant hand were measured for 32 randomly selected women during a total of 40 representative 20 minute work periods (some women were recorded more than once). A two axis electrogoniometer (M110) and a data logger DL1001 (Penny and Giles Biometrics, Blackwood, Gwent, Wales) were used for recording the flexion and extension, and the deviation angles of the wrist. The reference position was defined as the wrist angles obtained when the subject was standing and the arms and hands were hanging relaxed beside the body. Positive angles denote flexion in the palmar direction. The angular distributions, the angular velocity distributions, and the power spectra, were 
calculated to characterise the wrist movements during work. 29 The central position was defined as the median values of the angle distributions (so half the time the wrist angles were above and half the time below the central position The social network outside work (including relatives and friends) was also measured. '8 The number of cigarettes a day, currently smoked, was registered.
STATISTICS
The prevalence odds ratio (POR) was used as the measure of effect. A POR reflects the impact of exposure on prevalences of a disorder.
In a cross sectional study POR can be interpreted as (44%), and work at the herring filleting machine (11 %). The task "various" entails the rest of the work tasks, filleting of cod, checking quality, and handling material.
The work was mostly carried out in a standing position. Most of the women performed more than one of these tasks. All workers had a break of about 15 minutes in the morning after about two hours work and a lunch break of 30 minutes. Furthermore, in most of the factories, the workers had a five minute break every hour.
Method of observation All work tasks in the 13 factories were analysed (total 112 analyses). Table 1 shows the results of the three most common tasks. The work was highly repetitive (median EWA score = 5) included poor work postures and fast movements ( 4) and was very restricted ( > 4). The work contained mostly simple tasks (> 3), and the arrangement of the work site did not meet all of the recommendations (= 3). The profile of the three work tasks was, however, somewhat different. 22t (17- The central position of the wrist was practically the same for all tasks, except for various tasks, where the hand was in a more dorsal position (table 2) . The range of motion was significantly lower for trimming than for packing. The median velocity was significantly lower for trimming than for packing and filleting. A lack of pauses characterized the work for all the work tasks studied; the hand was held still for only 0-6% (median) of the time, which represents only 22 seconds an hour. For the various tasks, the slightly higher value of 2-8% is due to a few tasks of more varied work. The mean power frequency was high for all work tasks, especially filleting and packing, which were significantly higher than for trimming.
DISORDERS OF THE NECK AND UPPER LIMBS
Diagnoses and complaints The prevalences of diagnoses, as well as subjective complaints, were much higher in the exposed than in the control group (table 3) . In the exposed group 35% had a specific diagnosis in the neck or shoulders and 10% in the elbows or hands. The corresponding figures in the control group were 14% and 3%, which imply crude PORs of 3-2 and 3-1, respectively.
The most common diagnoses were neck tension, different types of shoulder tendinitis, and acromioclavicular syndrome. This applies both to the exposed and the control group.
In the exposed group, 55% had noted complaints about the neck or shoulders during the past seven days and 44% in the elbows or hands, whereas in the control group, the corresponding prevalences were 33% and 16%, which imply PORs of 2-6 and 4 0, respectively.
Prevalence by age and duration of employment The prevalence of disorders of the neck or shoulders (diagnoses, as well as complaints) clearly increased with age in the control but not in the exposed group. For disorders of the elbow or hand the prevalences increased with age both for the controls and the exposed women (table 4). All PORs were substantially higher in the two younger age strata than in the oldest one. There was a decrease with age of PORs for complaints about neck or shoulders, but no significant variation for any of the other outcome variables.
We found different patterns of the relations between PORs and duration of exposure in young women and older ones (table 5). In the young women, the PORs of disorders of the neck or shoulders were significant, and increased with duration of employment (P = 0 07); the corresponding PORs for complaints (table 6) .
Those employed for at least two years more frequently reported such complaints as the main reason for leaving their employment; in particular, the relatively young women did so. In the oldest group, however, a high fraction left because of such complaints before two years of employment, and the corresponding fraction was not significantly higher in those employed for more than two years.
PSYCHOSOCIAL, PSYCHOLOGICAL, AND SOCIAL FACTORS
Exposed v controls The psychosocial and social work environment factors, as well as the stress or worry factors and tendencies towards muscular tension, differed significantly between the exposed and control groups (table 7) . The scores for these factors were more favourable Table 8 Age adjusted PORs (95% CI) ofpsychological and socialfactors that relate to disorders of the neck or shoulders (for each such factor, the women (206 in the fish processing industry and 208 controls combined) were divided into three equally sized groups (low, medium, and high) so the PORs in this table differfrom those used elsewhere, as they refer to a low group in the exposed women, as well as in the controls) among the controls. The tendency to stress or worry was studied both during work and leisure time. We only discuss the factor referring to work, as stress and worry at home and at work were highly correlated. Although the exposed and control groups differed significantly in their social network during work, their social networks outside work did not vary.
Disorders of the neck and upper limbs Among the factors studied, high work strain, as well as muscular tension and the tendency toward stress or worry were clearly associated with disorders of the neck or shoulders; these associations were seen both in the exposed and control groups (table 8) .
We found similar results for disorders of the elbows or hands, although the CIs of the PORs were wider, due to lower prevalences (not presented).
Smoking was not associated with disorders of the neck or upper limbs (not presented).
Discussion
Work in the fish processing industry is an evident risk factor for disorders of the neck and upper limbs in women. Physically, the work is extremely short cycled and without pauses. Furthermore, experienced work strain, as well as muscular tension and the tendency toward stress or worry turned out to be related to the disorders.
An important step in the preventive work is to characterise the different work tasks in an objective way. We found that the wrist movements were highly repetitive for packing, filleting and trimming. Trimming, however, showed lower values for range of motion, median velocity, and mean power frequency. We concluded, that the wrist angle measures were sensitive tools to describe the work tasks. The flexion or extension velocity of the work tasks in the fish processing industry were in accordance with those obtained for subjects with work associated with a high risk of cumulative trauma disorders of the wrists. 33 Moreover, the EWA observation method proved to be useful for characterising the work tasks and for screening of work environment factors, in spite of being less comprehensive than AET, upon which it is based. The method is easy to apply; an observation time of 30 minutes is often sufficient to characterise one work task. Hence, EWA is far less time consuming than AET.
The usefulness of EWA is supported by a good correlation between-for example, work posture and movements v median velocity of wrist movements, and job restrictiveness v lack of pauses. Further, a variety of ratings of the same work task in different factories indicated its usefulness for assessment of work improvement. Most of the work tasks observed showed more than three EWA ratings in the range 4-5, which reflects a poor work environment.
We could not show associations between the measurements of exposure and disorders of the neck or upper limbs. The reasons are probably that the exposed group was too homogeneous in their physical work load, and that most women rotated between the different work tasks. Objective measurements of physical work load should be included in future studies to increase the knowledge about the true physical components of the work and their relations with disease, and thus, the possibilities of prevention.
One problem when interpreting the results of the registration of disorders, is a possible observation bias; it was not possible to blind to the exposure status of the women. The physical examinations and interviews were performed, however, by different people; both were fully aware of the potential bias. Thus, we believe that the bias is small, if present.
We registered a high prevalence of complaints about elbows and hands, but a relatively small number of defined diagnoses. One reason for this difference is probably that strong criteria were used for hand diagnoses. Most of the hand problems were unspecific and did not fit into any of the traditional diagnoses.
In the control group, the prevalences of disorders of the neck or upper limbs substantially increased with age, which is a well known phenomenon. 15 On the contrary, among the exposed women, the prevalence remained almost constant with age.
The excess prevalence for the exposed women was most pronounced in the women <45 years. Further, in this group, there was a pronounced dose-response relation for disorders of the neck or shoulders (PORs as high as 10 for diagnoses) v duration of exposure in the fish processing industry. No such associations were seen in the group >45 years. One possible explanation of this pattern is a healthy worker effect-that is, one is not capable of continuing the arduous work tasks if one has pain in the musculoskeletal system. This pattern has also been seen in studies of assembly work3 as well as work in the fish processing industry.34
In accordance with this, among the former workers the proportion who reported pain in the neck or upper limbs as the reason for leaving the fish processing industry was clearly highest among those with a current age of >45. Thus, in this subgroup, we may have underestimated the effect of exposure.
Of course, work in the fish processing industry means simultaneous exposure to several potential risk factors, the most conspicuous one being the repetitive work. We found, however, that the psychological and social factors, including-surprisingly-muscular tension and the tendency towards stress or worry, which were assumed to reflect subject associated predisposing traits, also differed between the exposed and control groups. The values of these factors were more favourable in the controls.
Moreover, work strain, muscular tension, and stress or worry were clearly associated with disorders of the neck or upper limbs; these associations were found in both the exposed and control groups. Because 
